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(54) OPTICAL MODULATION DEVICE AND METHOD FOR MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
modulation device in which even when the number of 
wavelength increases, the optical gain of each 
wavelength does not decrease, the wavelength to be 
used is not limited by the nonlinear optical effect, the 
output level can be controlled for each wavelength, and 
increase in the noise figure or generation of the pattern 
effect are prevented. 

SOLUTION: The device has a semiconductor optical 
amplifier(SOA) 1 1 and an optical modulator 1 2. By 
disposing the optical modulator at the post stage of the 
semiconductor optical amplifier 1 2. CW light at single 
wavelength A 1 is first optically amplified by the 
semiconductor optical amplifier 1 1 and then modulated 
by the optical modulator 1 2. 



mm 



T 

11 



JXflTL 



htQ)://wwl9ipdlinpit.go jp/PAl/res\ilt/detail/main/wAAAi9aG9hDA4141 16419P1 .... 2010/04/07 



(19)B*:H«rfff/f (J P) (12) ^ |fl i|# 1^ ^ (A) (ll)#fffm]^^2iM#^ 

#582002-116419 
(P2002-116419A3 
(43)4J:H B ¥*K14*|^4 ^ 19B (2002. 4. 19) 



(BDIntCL'' 
GO 2F 

HOIS 



1/015 
1/017 
5/026 
5/50 



5 0 5 

5 0 3 

6 10 



F I 

G 0 2 F 1/015 
1/017 

HOIS 5/026 
5/50 



5 0 5 

5 0 3 

6 10 



2H0 7 9 
5F 0 7 3 



«^»« « m^m(09:s OL (^loH) 



(21) mm^ 


fHi2000-307174<P2000-307174) 


(71)aiKA 


000004226 












:sFJEfil2^10^ 6 B (2000. 10. 6) 










(72) ^« 
























02) ssmm 


mm mm 






















(7-0'ttaA 


100078499 



















(54) [56iH«)«IS!] 3ft«9l«KB.tf-e<z>»!ate&8? 



(57) imm 

mm^m ^m^ytmmm (soa) 1 1 t^ss 

1 1 -e^^ff •5 J; •5 L/dc 



SOA it^ffllM 




_n_n_n_ 



-1- 



1 

-mm<j:>mm^m (cw) ^^mmt^immmmi^^ 

Mo 

Bo 

[ii*]H6] «:K±tc«wM (EA) ^m^mtM. 

iii##:7t«iiiMg§ ( S O A ) t^^-yh'mt 

E A gISRtf S O AS^Sil.ncD^m^^^:i^ ^V^t J; I? 
TWIlI*f*&? (AWG) ^SgK»^$t?«!JSiSili:^ 

mm^m tEA mmm^mim tsoA iS'\tm t^-'^-y 
he^a-rvh^^-rsfc^ifeic. mm^m. ea^rx^ 

S O Ag|5JW^cO^Mai5i)-^x-y^>'^lc J; t)^*-r§X 
E A^&Zf S O Aa5tC^n^n*^¥«#:«itiSg§Stf E A 

^E A3te^ii§§t:-^PLT-&2gL. -*®»?gSg% 

mRzfE Aytxm^m^mm'r:s,mmm^mm.'r^jim 



(2) #13 2002-1 16419 

2 

E A^p^jtesKiii; soAm^mtomiimmm^^ 

TWmJ/f^S^ (AWG) S¥^gKJl^-&t?»»SSSi:^ 

-y g^v^'x h >y ye^jgijSt-r 
^«eiSHtaii'N7^n«it (s I -BH^it) ^jB^-rs 

Xg-ea. E Ag|5Rt>' S O AgPCD^-y-X b'^-l'y±CD^!Ji 

[000 1] 
[0 0 0 2] 

S3t#^^^«{l:L.TeM-r2.WDM (Wa V e 1 en 
30 gth Division Multiplexin 

[0 0 0 3] >&^*^seM^s-et±. igsstcMiE^««; 

K (LD) ^mUU LD^ltS^liL^-cti. ^Sl^li 
(LN'^mgg) ^«W®iK»»f«ii#g (EA^p 

^0 Co 0 0 4] ±ffic07aS^fflt^SS^. SI^SieJMt j; 

ipggg (ED FA) fcJ;»3«iSc<?)5g«<D^#^:&-SLT 

[ooo5] tc6-??\ ¥^#:gi5D°pc^ ^ ic nytmifU^^m 

^n-oTci^^mWrn^mm (SOA) i^^^So iji»^*:)^it 



-2- 



3 

^tcib. yi.mm<Dfmni^^mt-?^^^mmmm (n 
F) ti^yT-(^m^m&j;^<om.dBmm±^i^\ s 

[0006] 012 KmMnmic^^ytmmmm^^ 

la. lb. • • • J^)^&aifc^— M5'^CWtti;^l)ta# 
^(0^mm2a. 2 b. • • • Tm««^tcJ;t)^P 

^SttSo C<:D®^i)|>fefl^a)t'a-2Sg§ 3 J; D 1 *CD 

* fc:7 y I' / m^mm^ 4 *Utl5W;^^T35 5 J6 T 
[0 0 0 7] 

[0 0 0 8] *^B^«. ±smMnm(DmmM.icm^. 

[0 0 0 9] 

[0010]!) ^mwytrnf^^tftmrnrnt^^mh 
rm-mmo^mmMm (cw) yt^mmt^yemmmu 

[o o 1 1 ] 2) ±iB 1 ) icmmt^y^^^mic^ 

[00 1 2] 3) ±fe2) icmmt^^^mmic^ 

[0 0 1 3] 4) _hie3) ictBm-r^ytmmmicm 
[0 0 1 4] 5) _hfei) 7iS4) Kmrnt^i^m^ 



(3) #gS 2002-1 16419 

4 

[0 0 1 5] Sfc. *^wicl^57^PS«®»Bt:75-a 

lis i^®.^%#iJ!i;-r;S.» 

1 ) a®± t «^KiK ( E A ) SPglTtKiRil i: ^ 
Ymt^mm-^ 1 1 fete. E Ag|5JJ(^f|.tO^Bg|5^^:& 

( S O A ) ffiUM ^' ^ -y Kii i: ^m«Sfl.^SSlc <t 

0 jg^-r s d i; T E A ^^st^ KiKs tsoA m^m a 

i;. T-u-i-miff^s? (AWG) «&ssii^#cy#ises/i 

^sS^zgsSB a; E A ^pfgjfeKiRB t s o A SttJi t ^ 
hi^B^iyhm^-r&ttt^ic. mm^^. easp 

so* S O A g|5J-X^^Ci:^SSI5^^'5&x >y ^ V ^tc j; 13 

sxgt . e a ^Rzf so A mc^n^'n-h^^mi^mm 

20 a«5t (S I - BH«ii) ^m^t^JMt. M^MM 

Ktsm:idw.\^. ^^mwm^mxm'imi^mk. «ea 

[0 0 1 6] 2) ±fHi) icmmt^ytmrnmrn^om 
30 m:^mK^i^r. EA^ms^^^imtsoAm^mt 

[0 0 1 7] 3) ±ffii) 3i«2) icfe«-rs^^i^ 

gB<^»)i75-felc*31/^T. 7'Wl51*iTl&? (AWG) ^ 
?g8S/l^^ty«iggSe^;i'^>y Y^St^m^t^TM 
X\ ^^^■^•y FW^oaMtc. x>y^>'^(7)^''^'y KM 
'N®JifT:&±46Sfcii)«DX>y^i/^~X F >y/^*Jg^t- 

¥»m£0fflii'N-rn«5g (S I-BH1tii) 
^}^^-rSXigTl±. E Aa5S:?>"SOAa5cD;><+J-XF9 

V^'X h -y yMO±3alca S I - B Hmm^JBf^T^U 

2:®*»3±tfj^c«M^x«y^>'iJ^lc j; I? f^^fSXe^ 

[0 0 18] 

[0 0 19] <m 1 cD^SKomi>ia i ic^fjc^fc. 

50 IS-rSfeOTStl. i|i«f*:?tft16g§ (SOA) 1 1 



5 

[0 0 2 0] jb^3b^s)tssi««tc*3t,^Ta. mmc^m 
[0 02 1] <mzcomM(njBM>m2ic^^.-m^ic. 

(EA) ^^ilil2 2T-fgjSL. CCOM^m. 
[0 0 2 2] *^7b^57tSM^S«7tSiig§a. 

s>t^pt§ 2 2 T-jg^Lfc^-e. 0 1 ic^t^mm^m 

[0 0 2 3] <^3(0^m(OMM>m3lC^~r^vlC, 
1 1 2i::&«»saMSLT*-igSAi . 

coyt^mmi z(Dmmcmmhrcift^m^3 3x\ ^yt 

[0 0 2 4] i)->ii^:s>ye^mmm-x:i.i. ^^mi^^mm^ i 
Its *-»SAi s • • Xncoc'M^^mmt^ 

#11 2t^^(Otiitiyt^)^^m^3 3'X:-^mLX\^^^tc 

mmts^wp^-f. 4mm^%mc^ ^mmm&(Dmm 
fe:^t/^o ^fcs §««Ai s • • - s An mic^^mi^ft 
mmmi i^mmi^xi^^^nut). m.mxi . ■ • • . x 

mi His iSfi A 1 s • • • s A n CO c y^^^^ytm 

[0 0 2 5] <^4«*)Wl®J^fig>04JC^-r<t'5tCs 

*)gMic«s)t^ii«B{is 0 2 tc^-r¥^fttii|B^ 1 
1 tmn's&im^mm^z z t^mm.mM.mi.xm-m 

;5Ai s • • *s An <DC-W^:^^ti'etl^Mt^tt 

fete. «-SSMt^^-^iSbTi±j;f7-r§feiOT-^So -r 

ft^m^s^n^mmi^^mm z z xmi^r^ m-^ o t- 
^<s y^W'^m^^mm-^rj::s,ru-fmmm'¥- (aw 
G) 4 3xmmT^cticj;i^)^ i^mw^mmmi u 

vi^-yi^mmitLxi^z. 

[0 0 2 6] ti^t^^ymm'^mxiis y^smmt lt* 



(4) 2002-1 16419 

6 

tLX^mi^ti-'^-^£^Tiy-^mSr^4 3^ffiTt,^5fc 
J6s M 3 cD^tomifc^S T^^SttS®^^^®*^ L 

[0 0 2 7] <^5©flii®J^SI>BI5tt^-r<k-5fcs 

^mms A^mtuLfct^cox^^^o -r^t^-^s ^s-^^f* 

• s An <Dcvjm\ it^mms A^iiYhX'^m-sn. 

10 =&JS^5Ai s • • - s An eic««&?n§c 

[0 0 2 8] A^7b^S)t'Si)ligTH±s itmoJSSAi s • 

• - s An ^#-^*^7b^-^Ci7tfcB±I^^to/cCW^;b^ 

i,±mm(Drcib^^(Dyt^mmimmxt!-^tix^-^nif}\ 
mtye^mme 4ic^K)mMXi s • • - s An isic^j' 

)g$tl«.c ^(Om. iS«Ai s • • - s An SlcfiJDS 
Te.nfc:ii^Si#:>tti*Bggl 1 t?tii|>SStls iSSAi s • 

• - s An micm'o^^x^nn.ft^mmi zxmm-^n 

xmti-^ti^o 

[0 0 2 9] ccx^mi^ytmmmi i ii/^sj-er w 
it-bmmx$>^rcif>-, mmitim^hx^s o at w 
*fflt.-^T#jgsAi s • • - s An immco^m^ytm 

1 2tc:fev^Tt>s #IRf*«WeRlRM>t^PSg2 2^ffit,^ 

[0 0 3 0] cc^)<J;^=S:«fig{c-r§i:s ^^^^Tttttsfg 
30 1 1 lis -jSS«3;ji^*iifi-rntSm(/^«T\ +^i-*?l^iJ 

fcs ¥«^*;>tiiiiiatg 1 ixmnm^xi<±^j:<s cw)^^ 

m^m^ < ^ c * t, \ c © ft ;*f5M#tt a^-fb l 

Ai s • • - s An ©i!^iit#SLT(.^S:rc:46s 

ififSg 1 1 ©Hj^J&ftiJffilLTMtf ^P^-r 5 C ic j; 

K>mm\^ . • • - s An ^t?©7tt±S;'jC0^{t^tf 

40 [ 0 0 3 1 ] i: C 5T's *t«*ilStiiti|iag§« A*f^ST' 

[0 0 3 2] <ii6«^M®mi>ia6fc^'r<fc'5ii:s 
50 :^mm.c%:^^^m^m\t. m4\c^ti{Mm^n\n. 



-4- 



7 

^mwytmm^ i i ^ n^«^mmytm.mm 2 2 rzst u 
■^mim^4 3 ^iifetc^mufcT wiH]j/f*&^ 6 4 

ss^tis #8?SAi . • • An mim^sn^. 

[0 0 3 3] t-'t-^^ft^m^m&s mscDmmommic 

[0 0 3 4] <m7 comM(oBm>m7ic7n-rj;ioic^ 
[0 0 3 5] ij'ti^:^ytmmmm^t. m6<Dmm<^mmi^ 

[0 0 3 6] 

[0 0 3 7] 08 (a) lc^f<fc ^C, n - I n PS^ 

SOtCtt. 10©iti»*TW[Hliff*&? 8 3. iSSi^fc 
*SCfc^^7'WftLf£¥»#7feliSi§5'W8 

«WKJRS)tSBi§§/' u-f 8 2 u -> >y ^mmhx 

I n G a A s P^igKHi: I - I n P i'-^-y 

»f*?tiiifiSTW8 1 t«Wi^ll5ffl3t«Pg§7'W8 

2 t®Ka7t*^SS9 OTig-a-LT^So 
[0 0 3 8] ^^frTttfifS^T 8 1 cOrSttMl* I n 
G a A s P/V]yi^mX$> t> s «^KlR^7t^ii^T W 
8 2 ®)fe85:Il5yia. I n G a A s P^fiM?^^F«3fiT- 
a&5o yu-fmiff^8 3© I nC a a s P^JggSil^ 
•g-tyftoA::b3^«?gK8 6. 8 8. mtiytmm.^S7. 

8 9Rxf^mmm9 0(ommmmt. ^mi^im«imT 

Ix^SlWInGaAs PfSttMt. '■^KlKSlT^Sff 
fg7H'82«InGaAsP ^««?^#P«5g7^5RlK 

[0 0 3 9] A>A^S*^»J®^^liaHfcCW3t*^A 

So ^i-iS? nfc C WJfeli n iy^}\,(D^mi^^m^ 

TWS 1 (c<i;-3T#2SSAi s • • • . An telctfilil 

8 2ii:<fcoT#?gSAi . • • An mic^m-^nx 



(5) WIf 2002-1 16419 

8 

8 3 tc Alt b . ^m-^Hx mmitmimmti- e. a*f 

[0 0 4 0] :5;*3. ifB^SSMJc^S^^^II^^Hlc^oV^ 
tf«? 8 3^€r^^»g§tLTfflO>Tt/^2.„ ^ 

m^Jtipsggri/i' 8 1 . n^mimytm.mmyh-^ 8 
2:&*a-rsAm*«?gm. s^s-rseifcit^So c 

JO 03iMlcd;:5ffl^a. — iHl^M-rSttlc-O. 1 d BS 
aT-feSC0T\ #tttcA*<^«^-%-^ set 
#^ft)tii*SggZ W 8 1 tcj;sa^a«^ff ^SiPBH 

*»#:7fetSii>sf§T 1-1' 8 1 ^mmt^&robs ^mi^ytm 
mmri^^ 8 i (D^t)m^m.mi%mmm7i--( s 2 

8 I tm^^iRM^mm^y i^-f s 2 to:)mcytmmm 

9 0^/rffi?'^Seitm^>S:+^HcSL. ¥»#:7^ii 

[0 0 4 n 0 8 (a) tC^^ffi^^T^^iSms 9ti:. M 

8 (b) tc^*r.fc'9tc, n- I n Pa«8 Otc4oV^TA 

- 1 n Fmus oco/bBit^m^n^o 
[0 0 4 2] msic^T^mmmic^i^^x^t. ^t^^i 

40 [oo43]09t±i^8 ic^^msmw^^^'ftmM^m 
^^^mm^m^^t. n - I n pssb o±icwm^M« 

1) n~ I n PSffiQ 1 ±tCG a I n A s P^K«-?# 
F (MQW) E A^pgg)t5RlRe9 2. p-InP^^^ 
F«9 3^MOVPES^Cj;t)?g^'r^o clcott.^;^ 

09 (a) tC^^To 

5^ 2) S i O2 )K9 4:^7'"^XVC VDffilCci;t)J^^'r ^ 



-5- 



9 

tt^l^. y^h VV^^'yy^mtCFA /H2 -R I 
ECRiactive Ion Etching; SiS 

m^&L9i(^s i02 m9 A^m^^^o c(D'Jikm^m9 

(b) IC^fo 

3) Si02 )K9 4^'x^Xi^tbTEA^lS^^^lKe 
9 2Rr5p- I n P^^^y KJl 9 3 c?:) E AmX^I-^^O^T^g 

(c) K^^o 

4) Bias i02 M9 4^VXi7i:bTSKMOVPE 
?£JCJ;Ds G a I nAs P/Vl/^SOAjStt^9 5&t; 
p- I n P^^'^^y Kil9 e^^ffM^^o clcOmi^ia9 

(d) tC^t-o 

5) S i 02 119 4^I^SLfctt. BfiS i O2 Bi9 7 
y^^:7YS^CF4 /H2 -R I E:^ffll/^TE ASPS 

t;s oAa5j;>(^^c7)s i 02 Mgy^^s-r^o ^(D'mm 

^E9 (e) ^C^To 

6) SOAg|Sj;^^1.c7)G a I n A s P/^;l/^SOAffittji 
9 satf p- I nP^'^^y FH9 S^x^y^V^^^cj: t) 
^St^^o c::(?5mi^0 9 (f) tc^fo 

7) OVXi7;^^v^TJlKMOVPE^SJe:c];DG 
aInAsP AWG©Jg^B98. i-InP^-^^y 

Kii9 9:^ff^^^^o ^cov^m^m9 (g) ^c^t^o 
s i02 m^zf'^x^cYDmic^^mj^v. y:thv 

y^^'yy^mtC F4 /H2 -R I E^fflV^TE Ag|S:fe 
cfctfS OAa^OS I - EUmm^OS i O2 M^I^5&L. 

CH4 /H2-R I Eic^vtn^^nti^^m#mm^ 

(SOA) Rt5E A^^pgg2l^;g>^gi!tfa'?)^'9-Xh'^ 

9) y:^- huy^^^^y^ss^c F4 /H2 -R I E^m 

i.>TE Agp^-y-xb^-ry 1 0 O&tf SOAa5;?<'9■Xh 
^^yl 0 i}:j.9\'(OS i 02 Kl 0 2^|^**r^o 

Vim^m9 (h) ^c^t-o 

10) S i O2 Ml 0 2^VX^^LTF e - I n PtCcfc 
:5 s I-BH«itl 0 S^miUOV P Emc^^BfS, 
LfctS. VX^^^^^&t-^o C(?)mi^ia9 (i) IC^s 

11) EAg|5:feJ;O^SOAgPiD«ffitCAu ZnN i -pM 

wffi^j^^ (i^^-tir-r) Ltcik. s i 02 ail 0 4;^?^ 
^b. y:a-huy^^^^y^r£^CF4 yui -r i e:^ 
mi^^xmi&^^&L^os i 02 mi oA^m^ir:^, c 

(?)«S|:^S9 (j) Ic^sTo 

12) S i O2 0 4^VX^^LTB ri - R I E 
cfcD AWG 1 0 S&t/E A. S OA^^'^^^»iSg&l 
0 6^t?)^TtD«?SgS:^Jgi3ScL. ^(D^S i O2 
S^;5o cl(?Dmi^^9 (k) ic^sTo 

13) Kffi^iS(S/imiPJc:S;;g>cfc^tcWJ^Lfctt 
tCA u G e N i -n^^^Jg^U »BSLfc^. 



(6) 2002-1 16419 

[0 0 4 4] ±m(Dm'^WBB.yjmc^^^x. awg^^s 
isgp^-es i02 mj^c^V'^:^^m'7'!> t. vx^ffiffl 

7b'?:^^'r Fe-InP SI-B Hl#3tg|5tcSm^ 

^;g>cotisoAgt;. E Amm^^(D^v-y.h'^-f':/±ic 

[0 0 4 5] C(7)/ci6AWG#iSSSjlg|3ti:. Tfia^ii^ 

e - I n PtCj;§ffiA6ii^^tT-9C^TF-/^>h^cj; 
^ >t»lK»9^^0^ C:^ A W G WSSSBSP^ J^^f ^ C 

[0 0 4 6]— 73. F e- I n P^!9±^f^5/1^F^ 

^x^y^v^^^iccfcon^^-r^w^. ^mmm^mm 

F e- I n P^Di^f^SS^ AWG^r^gg/liO 
^WBT:ii^y^v^^>^#±'r§<i^t±BSiT\ x^y^v 
^^0#P^:6^fi^^^ ^ A W G ^JSSSet^ - S^^^^ T 

[00 4 7] ^clT. *fiB^Tni:AWG»ig^jl6D±Jc 
G a I n A s P x^y ^X b ^y T^ii^^^^L. ^jL^y hx 
y'f-^y^'^fr^Ti^'^^o ^ai^y Fx^y^>'^Hi:J: F e 
- I n P^D_h^f^5;i^l^£bfct^. G a I n A s P 
x^y^X h ^y T'iltcj; D eSlWicx^y ^V^^^^^ih-r^ 
ci^:6'i-e^^fca6. AWG#JSgSStc^V->>^^^x.;5 
c:^:^< F e-I nPm^±}mmm^^s^^^^hi:f^ 

[0 0 4 8] lg9tcti. ;P:#:6^^cti:^bTl^:^l/^7b^ 

^\mm\^mmr^o iwH^c^t-xsti. S9 (g) 7^ 
mm9 (j) tcj^js-r^xscDPSfflT^^^o ^cfd\ mm 

(Dmn^im-f^Tz.^. soA^s, E kmmm>jkrj^(D'i5. 

sokmsE k^mmt 1 ffl^o^ c^^iiMSi 

[0 0 4 9] 1) jI^MOVP E;?lcStCc];t9 G a I n A 
sP AWG#iSg&Jl9 8. i - I n Pi7^^y FI19 
461 9. G a I n A s PX^y^Xh^yyS 1 0 7:^?^^^ 
§0 ^(D^m^mi 0 (a) tC^To cl<:Dtt.^;!3^0 9 
(g) (Om^^tJSLTV^^o 

2) s i 02 1K9 7J^i^*'r^o cc^mi^Hi 0 

(b) tC^^o 

3) S i O2 III O 8^&>^^XVC VD^tCc];^ 

y;d- hUV^^-^^^^S^C F4 /H 
2 ~R I E^^fflV^TE Aa543<fctf S OAgPcoS I -BH 

ss^cis i 02 Ml 0 s^i^s-r^o ccomi^Ki O 

(c) tC^To 

5/? 4) CH4 /H2 -R I EtCj;t)><-9-Xb^>f7'^?g^ 



-6- 



-rso ccDmi*0i 0 (d) ic^to 

5) y:i- hw^'^y^mtCF* /H2 -R I E;&ffl 

V^TE Aai5:feJ;t;SOA8P£0;><'y-Xh^'l'yJWi^®S i 
O2 mi OS^^^-rS, 0 (e) ic^ 

To 

6) S i O2 ISl 0 S^VX^'tLTF e - I n Plcj; 

I-BH^jgl 0 9^51g?MOV P E)StCj;DJ^l3g 

mm^r^mn^ tm^^ifrnmLrcv e-i np«»?± 
ifm&mi 1 o^jg^-rso 0 (f) ic 

7) s i 02 0 8;sri^£-r-So c^mi^iai 0 

(g) fc^"!", 

8) Si O2 Hi 1 1 ^T'^XVC VD?£}cj;DJg^ 
L. 7* hUy^*'^7^'?*i:C F4 /H2 -R I E^m 
V^T F e - I n P^tJilf ^Sii 1 1 0 co^m<D S i O 

2 si>&i^5&t-5o ctomi^0i 0 (h) ic^-r, 

9) '^tC. -i^X-y AWG^iggSJl 
gP^ifCJ^^Snrc F e - I n PSt)±tf^ftil 1 1 0 
^^S-rSo C<Oi;^tO<^X>y hX'y^V<^*{±. X>y^ 

ly^'xh-y^mi 0 7 (D^^Tmm-stir^n&i.±mn 

T^Ctt,i^Ki>o CCD'^MM^mi 1 (a) ic^to 

10) S i 02 Kl 1 l^^^fSo C(DViM^mi 1 
(b) tc^fo c:<o«^>bW9 (i) (DVimicMmi^X 

11) E Ag|5St;SOAa3®«ffili:Au Z nN i pS« 

m^mm (s^^-To ) b/ct*. s 1 02 sii i z^f 

CF4/H2 -R I E5£fflV^TE ASiSi|g|5«:iK'J-l'5 
Hffli6]a*i«rfT'9^«®S i02 IKl 1 2:&^£-r5o 

1 (c) ic^to 

12) S i O2 ^1 1 2^TX^i:LTB r2 -R I ElC 
,j;»9EA«M§§t|5tO^-9-Xh^'ry*}gfig-r§e CCD« 

m^mi 1 (d) ic^fo 

13) E ASPg|g|51CjKy-i'5 Fffli?)ji^>«5§l 1 3^m 
m-rSo C«»mi^01 1 (e) fc^fc 

14) S i02 Kl 1 4;Sr':/'7X^C VDfe&tcj;»3Jg^ 
7* hUy^'"^:7^'StC F4 /H2 -R I E^m 

V^T S O AgPt E A^UgggPi: A WG/N-l';^1t©J6gSg|5 

jj^^r|.cos i 02 Ki 1 4^^*'r^o ^©i^^^^i 1 
(f) Kmto ci<Dm^tim9 (j) ©^^tcMjSbT 

[0 0 5 0] ^4b\ E A^pgi^KlRMi: S OAjg-ftil 

m 1 0 fc^-rMjt^^iSa. G a i n a s p^t-coibs:^ 
mr'$>^t)\ Ai^^^wi-vm^m. soa-^ea 



(7) 2002-1 16419 

72 

[00 5 1] 

[%BjcD?ai^] uiMmoT^m t i; t> icmtttcms^ l 
mmi^nm.mmh^mi^xM---&WL<owmwL (cw) 

[0 0 5 2] m^mz'} \ztmT-^mm. m^m 

[0 0 5 3] m>m3:i ictm-r^^mit-. m^m 
2] ictmt&ytmmmmic^^^^x. ytw^mcommco 

[0 0 5 4] cii*ii4 3 {cfe«-rs^B^as cw^^s 

[0 0 5 5] m^-ms} icmmf^^mi±~. m>^m 

mitvtcmmx^ cif*«n tijM Cii5KS4] icia« 
[0 0 5 6] m^6] Ru m^mi: icmmt^ 

[0 0 5 7] mims} \zt^m.t^wm. mam 
ic^h^x. Ti^-^mim^ (AWG) m'&^m^-^tsm 

/c46tOx-y ^^/i^X h -y ^M^J^^t-S-*. 4^161^14 

50 m^'^y'xjmm. (s i -bhsu® ^mm-^JMT 



-7- 



(8) '^m 2002-1 16419 

]3 14 

li. EAg|5&t5S OAgP®;><-9-Xh^'t'7'±<?5*iti:vX /c^l (a) St;il2©^M (b) ^S^fW 

±ffitcl3: S I - B H«jg^je^-rS*fipf^«»3 ±lffiKS m 9 3 *^^«*SS<^Jg^lc^?^57t^^^BC>»ii73 

/■^Ji-y^V^^'lc<i;i9ll*'rSiatL/c:«>-r\ SI- [0 1 0] 09 t^-rx@co— aScD^ e>^CplH;S:X@* 













1 1 








1 2 




[0 2] :^^Mo^2(^mm<omM 




2 2 








3 3 








4 3 








5 4 








6 4 








7 3 




[0 5] :^mmm 5 coniitcojgs 




8 1 








8 2 




[06] :$immm&<ommcoBmi>!:.m^^&m»m^ 


8 3 








8 4.85 








8 6.88 




^■r7n>yir^0T-3BS<, 




8 7.89 




[083 07l£:^-rm7<73**S<DJ^m??.»cM<!^<bL 


9 0 




[013 






[023 




-TLTLTL. 



[1^4] 




-8- 



(9) 



2002-1 16419 



[H5] 



jt-^i&m soA i^t^mm „ „ „ jte-^^M 




82 n^vV:itJl.EAffiH«TU'-f 




82 n^^>+;i-EA3Ea«7u-< 



(10) 



2002-116419 




[012] 




ODmnm /hSIS F^-A(##) 2HO79 AA02 AAIS CA04 DA16 EA07 

Mmm=^ixmmi^^m^rs smi^ h hah jao? ka2o 

^mmmM^^^n 5F073 aasb aboi ab2i baoi cai2 

CBO2 DA05 DA25 EA27 



-10" 



